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(Read April 14, 1869 ~.) 

THE object of the present brief notice is to bring before the Society, 
while the works are in progress, a feature of intraglacial structure 
disclosed by the sewerage works at Norwich, in order that, since 
the case appears to us to be peculiar among the perplexing fea- 
tures presented by the glacial beds as far as yet known, the oppor- 
tunity may be afforded, to any who may suspect that some mistake 
has been made, of investigating the accuracy of our representation 
before the means of doing so are removed. For this reason we 
have ventured to bring the subject forward now, instead of reserv- 
ing it for description with the general glacial structure of the east of 
England, which we hope at some future time to lay before the Society. 

All the valleys of Suffolk, and of Central and Eastern Norfolk, 
are excavated out of the glacial beds, and possess no connexion 
whatever with any preglacial condition of the surface. They appear, 
however, to have had their configuration and direction determined 
in several places by a denudation of the glacial beds themselves, 
which was effected during the progress of their deposit. Of this 
the case before us affords one instance. 

The accompanying section shows the structure of the valley of 
the Yare, near the places of its inoseulation with that of the Tese 
and that of the Wensum. 

The sewer-works, up to the present time, have been carried on by 
shafts, sunk in the bottom of the valley, where the surface is con- 
siderably below the line maintained by the chalk on either of its 
sides. These shafts have disclosed that a hole or, it may be, a narrow 
trough in this part descends abruptly, and almost perpendicularly, 
into the chalk, and that in it lies, not merely one of the successive 
beds (5) which form the solid mass of the country around, but also 
another bed which does not appear to exist elsewhere in the neigh- 

For the Discussion on this paper, see p. 260 of the present volume. 
2 ~ 2  
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bourhood. This bed is that  distinguished in the section by the 
letter a, and it  consists of dark-blue clay full of chalk-ddbris, ex- 
actly resembling the Boulder-clay (6) in parts distant from Norwich, 
but different from the appearance presented by that  clay in the 
neighbourhood of the section, where it  is much more chalky There 
is, we think, no question as to the identity of the sand which reposes 
on this bed, in the hole, with that numbered 5, in the group of beds 
out of which the valley is excavated, since it  possesses the peculiar 
admixture of fine chalk grains possessed by this sand in the various 
sections of the immediate neighbourhood, as well as generally in the 
south-east of Norfolk, and offers a complete contrast to the postgla- 
cial gravel (7), 

Assuming the bed a really to underlie No. 5, as represented in the 
section, the case is not without parallel elsewhere, though there are but 
two other localities of its similar occurrence at present known with 
certainty to us. One of these is Witham, in Essex*, and the other tho 
vicinity of Hertford, mentioned by Mr. Hughes t ,  in both of which 
it  seems to occur at the base of 5, in a trough which had been formed 
prior to the accumulation of that  deposit, but which in those cases 
does not appear to be coincident with the existing valleys. 

We forbear to discuss here the causes which seem to us to have 
given rise to this bed, or which have produced the intraglacial erosion 
of the hole, or trough, in which i t  has thus been preserved, as these 
will be more conveniently considered in connexion with the general 
glacial structure of the east of England, further than to observe 
that  we trace in it  the action of a glacier +. The features d i s -  
closed by the section appear to show that  after the bed 4 had been 
deposited, an erosion took place just  here which swept out the beds 
2, 3, and 4, and excavated the deep hole or trough (whichever i t  
be) in the chalk in which we now find the bed a. Whether  this 
bed was deposited only in the hole or trough thus formed, or 
whether it  spread generally over 4 in these counties, and then 
was denuded prior to the deposit of the sands 5, we have not yet 
formed a decided opinion; but the physical break which the case 
before us seems to show, occurred here between the termination 
of the uppermost deposit of the Lower Glacial period, repre- 
sented by bed 4, and the commencement of the Middle, repre- 
sented by bed 5, concurs with what  we find in this respect in many 
places in Norfolk and North Suffolk, since there is generally an un-  
conformity between the bed 4, or its marl representative, and beds 

The first notice of it at this place was in a well-section given by the Roy. 
O. Fisher, in Geol. Mag. vol. v. p. 98. We have since found it exposed in 
section about a mile from Witham, in the bottom of the valley. 

t Quart. Journ. Geol. Soc. vol. xxiv. p. 286. 
In the discussion on this paper ] admitted that the erosion in question 

might have been produced by a grounding berg. I withdraw that admission 
altogether, believing, from a study of the respective formations over East Anglia, 
that after the beds forming the Lower Glacial series had been converted into 
land, this land became extensively occupied by ice before it was again depressed 
to receive tZe sea, which deposited the Middle Glacial sands ; and that to such 
land-ice the erosion in question is due.--S. V. W., Jun. 
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5 and 6. Thus, for instance, on the Cromer coast, we find the for- 
mer most deeply and irregularly indented by troughs filled with the 
base of 5, both deposits being there in much greater thickness than 
in the case before us ; while in the inland sections we find it rising 
through 5 in bosses of greater or less extent, the Boulder-day (6) 
being spread there over it and over 5, sometimes resting on the one 
and sometimes on the other, thus showing 4 to have formed e i ther  
islands or shoals in the Middle Glacial sea. 

The intraglacial denudation of the Yare valley, disclosed by the 
sewer-works, serves to explain a feature brought before the Society 
by one of us in 1866% In that case a bed of Boulder-clay was 
shown lying in the bottom of the Yare valley, and described as a third 
Boulder-clay. Although, at the time, we both regarded it as distinct 
from tha great ]~oulde~-clay (6), we now incline to think that the bed 
in question is either the bed a, or else merely the Boulder-clay 6 
brought down into the bottom of the Valley by a repetition of the denu- 
dation which, we have just seen, commenced after the deposit of the 
contorted drift 4. The dotted lines in our section represent probably 
the way in which 5 bent down into this hollow of denudation ; and 
it seems to us that the denudation was renewed after the deposit of 
5, sweeping out so much of that bed as had been deposited in the 
hollow, but leaving it in the hole or trough which is shown in our 
section, and thus allowing 6 to be thrown down upon the chalk di- 
rect, as shown in the section referred tot.  

In the adjoining valley of the Wensum a somewhat similar state of 
things has occurred, as we have found there the Middle Glacial "sand 
(5) overlain by the Boulder-clay (6) in a hole in the chalk, and 
resting directly upon it, below the level of bed 3, which, in that part, 
forms the general base of the formations superior to the chalk, and 
constituting the solid mass of the country. : 

1% infiltration or slipping can explain these features, because the 
blue clay (a of the accompanying section) is not, so far as any of 
the pits around disclose, present in the neighbourhood, and because 
the deposits which underlie the beds in question, when in their 
usual position, do not occur beneath them when thus abnormally 
placed, although, in the case of the blue clay a, we ought to add 
that the shafts do not reach its base, so that it is unknown whether 
anything intervenes between it and the chalk. 

In conclusion, we would venture to remark that the sections re- 
ferred to appear to us to militate against the excavation of our 
East-Anglian valleys by river-agency, as well as to show the il- 
lusory character of the level-test as applied to ~he elucidation of 
the age of the newer Tertiaries, especially of those occurring in 
valleys ; although we are far from saying that the evidence of level, 
when kept in due subordination to other features, has not its value. 

1Vote.---This paper was postponed in the hope that the progress 
of the works would have brought further facts to l ight;  but nothing 

* Quar~. Journ. Geol. Soc. vol. xxiii, p. 89. 
t Ibid. See the bed a of that section, which is not to be confounded with 

the bed a of the section which accompanies the present paper. 
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further has transpired. I t  is not impossible that the bed a may, in- 
stead of underlying, be bedded vertically against No. 5, and that 
the shaft, after passing through No. 5, encountered a lateral protru- 
sion of a. I f  so, there would be no reason for regarding a as any- 
thing else than the bed No. 6, which it resembles in parts distant 
from Norwich. 

2. On, some recent DIsc0wR!~:s of FLt~rT I~PT.E~E~TS of the DRIFt 
in NORFOLK and S~FFOLK, with observations on the Theories account- 
ing for their .Distribution. By J. W. FLowER, Esq., F.G.S. 

(Read April 28, 1869 *.) 

[PL~T~. XX.] 

IN June 1866 I had the honour to lay before the Society a paper 
upon some flint implements then lately found at Thetford in the 
valley of the Little Ouse r ive r t ;  I have lately occupied myseff 
with further investigations of the same district, the results of which, 
are, I trust, of sufficient interest to justify me in bringing them to 
the notice of the Society. 

The localities which I have now examined are four in number. 
In  each of these flint implements have been found, and in several of 
them in great abundance, corresponding in the main, as well in 
fashion as in material, with those of St. Acheul, Thetford, Salisbury, 
and !cklingham, which are now so well known. 

JBroomhill.--The first deposit which I have to notice is found at 
Broomhill, on the north bank of the river, about five miles from 
Thetford, and two from Santon Downham mentioned in my former 
paper. The implements, which are usually much rolled and worn, 
and are often stained to a chocola~-colour, are here found in a 
gravel-pit about 350 feet from the river-bank. They are usually 
met with in a bed of ferruginous flint-gravel about 2 feet thick, 
resting immediately on the surface of the chalk, and 5 or 6 feet 
above the level of the river. This gravel, which is very coarse and 
not much rolled, contains large flint nodules, some of them weighing 
over a hundredweight, and is mixed with rounded quartzite 
pebbles and rolled fragments of chalk. I t  is overlain by another 
stratum of gravel, less fcrruginous and containing a greater propor- 
tion of broken chalk ; and this bed, in its turn, is capped by a mass 
of siliceous sand, sparingly intermixed with angular flints of no great 
dimensions. These several beds constitute a mass of from 25 to 30 
feet in thickness. :No gravel is found on the opposite bank; the 
ground there, which is moor or fen, rises very slightly above the river- 
surface, and forms a plain extending about half a mile to the base of 
the chalk-hills. 

Gravel Hill, Brandon.--At this place, situate two miles and a 
half west of Broomhill and on the Suffolk side of the river, another 

* For the Discussion on this paper, see p. 272 of the present volume. 
t Quart. Joura. Geol. Soc. vol. xxiii, p. 45. 
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